Speech perception is mediated by both left and right auditory cortices, but with differential sensitivity to 21 specific acoustic information contained in the speech signal. A detailed description of this functional 22 43 distinct two-timescales processing modes. Overall, our results shed light on the neurofunctional 44 architecture of cortical auditory processing. 45 46
asymmetry is missing, and the underlying models are widely debated. We analyzed cortical responses 23 from 96 epilepsy patients with electrode implantation in left or right primary, secondary, and/or 24 association auditory cortex. We presented short acoustic transients to reveal the stereotyped spectro-25 spatial oscillatory response profile of the auditory cortical hierarchy. We show remarkably similar 26 bimodal spectral response profiles in left and right primary and secondary regions, with preferred 27 processing modes in the theta (~4-8 Hz) and low gamma (~25-50 Hz) ranges. These results highlight 28 that the human auditory system employs a two-timescale processing mode. Beyond these first cortical 29 levels of auditory processing, a hemispheric asymmetry emerged, with delta and beta band (~3/15 Hz) 30 responsivity prevailing in the right hemisphere and theta and gamma band (~6/40 Hz) activity in the 31 left. These intracranial data provide a more fine-grained and nuanced characterization of cortical 32 auditory processing in the two hemispheres, shedding light on the neural dynamics that potentially 33 shape auditory and speech processing at different levels of the cortical hierarchy.
35
Author summary 36 Speech processing is now known to be distributed across the two hemispheres, but the origin and 37 function of lateralization continues to be vigorously debated. The asymmetric sampling in time (AST) 38 hypothesis predicts that (1) the auditory system employs a two-timescales processing mode, (2) 39 present in both hemispheres but with a different ratio of fast and slow timescales, (3) that emerges 40 outside of primary cortical regions. Capitalizing on intracranial data from 96 epileptic patients we 41 sensitively validated each of these predictions and provide a precise estimate of the processing 42 timescales. In particular, we reveal that asymmetric sampling in associative areas is subtended by
Contrary to the classic neuropsychological perspective, speech processing is now known to be 48 distributed across the two hemispheres, with some models positing a leftward dominance for verbal 49 comprehension and a rightward dominance for processing suprasegmental features, including aspects 50 of prosody or voice processing [1] . The origin and function of lateralization continues to be vigorously 51 debated, for example with regard to its domain-general or domain-specific nature [ 
86
(3) The electrophysiological signature of this asymmetry emerges outside of primary auditory regions.
87
The AST hypothesis in its original conception posited that at the level of core auditory cortex there is 88 no obvious functional asymmetry, but that beyond this first stage of cortical processing a functional 89 asymmetry should be visible, namely in left and right association auditory regions. This last point has 90 also received some empirical support [13,25,26,28].
91
While each of these predictions has received experimental support, they are also vigorously debated.
92
In particular, one concern relates to the specificity of the left temporal lobe for faster temporal 93 modulations. Some authors have suggested that most published results can be interpreted in an 94 alternative framework, wherein only the right temporal lobe shows a marked preference for certain results may be due to differences in paradigms, stimuli, as well as resolution of the imaging 99 instruments employed. Discrepancies may also arise from the fact that this asymmetry probably takes 100 different forms along the auditory cortical pathway, with a more subtle functional signature at early 101 cortical stages and more striking qualitative differences at later processing stages (see e.g., [18] ).
102
Finally, and this is a crucial aspect of the theory, the duration of these temporal integration windows 103 was never precisely characterized physiologically with high-resolution data.
104
To adjudicate between the models, more sensitively test the predictions, and overcome some of the 105 difficulties in acquiring decisive data to characterize the signature of auditory hemispheric lateralization 106 at both high spatial and temporal (hence spectral) resolutions, we combined two novel experimental 170 171 and SAC the evoked response was dominated by a spectral peak in the theta range (~4-8 Hz), and 176 highlights that a secondary peak emerged in the gamma range (~25-50 Hz). At these earlier cortical 177 stages, no differences in the spectral profile of the transient evoked activity emerged across 178 hemispheres, neither in PAC (Mann Whitney U test: 1st peak, U = 222.0, p = .09; 2nd peak, U = 179 251.5, p = .24), nor SAC (1st peak, U = 380.5, p = .29; 2nd peak, U = 373.5 , p = .25). In contrast, in 
197
Next, to confirm the robustness of these findings, we reanalysed the evoked response to pure tones 198 separately for 0.5 and 1 kHz pure tones, and observed the exact same ITC spectral profile for each 199 ROI, independently of the frequency of the pure tone (Fig. S1 ). The statistical analyses also confirmed 200 the absence of significant inter-hemispheric differences in PAC and SAC (all U > 280.0, all p > 0.08), 201 and the emergence of an asymmetry in AAC (0.5 kHz: 1st peak, U = 1.0, p < 0.001; 2nd peak, U = 202 4.0, p < .001; 1 kHz: 1st peak, U = 0.5, p < 0.001; 2nd peak, U = 0.5, p <0 .001).
203

Interaction between stimulus and neural dynamics
204 Finally, the same analysis was carried on data recorded on the same patients during presentation of 205 syllables (French /ba/ and /pa/; Fig. 4 ). Importantly, these stimuli are characterized by more complex 206 spectro-temporal dynamics than transient pure tones. Accordingly, we observed that the spectral 207 profile of the ITC differed between pure tones, /ba/ and /pa/ stimuli, as predicted.
208
Results with syllables yielded less prominent and specific spectral peaks in the different ROIs, even in 209 the latter stages of auditory processing (AAC). The maximum neural activity in response to syllable 210 presentation was in the low frequency range (<20Hz) and did not change across regions of interest. 
329
SEEG data were epoched between -5 s to 5 s relative to stimulus onset (either pure tones or 330 syllables). Such a long temporal window for epoching allowed a more precise frequency resolution for 331 time frequency analysis. Epochs with artefacts and epileptic spikes were discarded by visual 332 inspection. Data were referenced into a bipolar montage, by subtracting activity recorded at each 333 contact of interest from activity acquired at its closest neighbour site within the same electrode. 
340
The ITC spectrum was then computed by averaging ITC values within a time-window of interest 341 designed to encompass one oscillatory cycle per frequency (e.g., 0-500 ms at 2 Hz; 0-20 ms at 50 342 Hz).
343
To investigate the frequency at which the evoked activity was maximal and be able to compare them 344 across ROI and participants, the resulting ITC spectra were normalized (z-scored) across frequencies.
345 Finally, the two main peaks (highest non-contiguous local maxima) of the ITC spectrum were 346 extracted for each ROI and participant.
347
Statistical procedures. All analyses were performed at the single-subject level before applying 348 standard nonparametric statistical tests at the group level (Wilcoxon-Mann-Whitney unpaired tests). 
